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S u m m a r y : Since the application of salicylic acid (SA) to induce systemic acquired resistance (SAR) in plants is currently 
discussed as an alternative for copper against downy mildew (Plasmopara viticola), a sensitive HPLC method with UV/Vis-DAD-
detection was developed to determinate SA in must and wine. The rate ofrecovery was 92% at a Ievel of0.15 mg·J·1 with a detection Iimit 
of 0.003 mg·J·1• We have analyzed several musts and wines from field experiments with SA application and have compared their SA 
concentrations with 23 commercially available German wines. Nearly all samples contained small amounts ofSA. The mean concentra-
tion in white and red wines was 0.05 mg·J·1 (0.11 mg·J· 1 max.) and 0.16 mg·J· 1 (0.43 mg·J·1 max.), respectively. Application ofSA downy 
mildew control did not increase the amounts of SA in must or wine. 
K e y w o r d s : salicylic acid, HPLC, wine, must, systemic acquired resistance (SAR). 
Introduction 
Salicylic acid (SA) is known to be involved in plant 
defense rriechanisms against fungal diseases as a hormone-
like messenger (RASKIN 1992; RYALS et al. 1996) and has 
been implicated as one of the polyphenolic constituents of 
wines exerting beneficial effects on human health (MULLER 
and FuGELSANG 1994). Literature on its concentration in grape 
and wine is rather contradictory, values range from < 0.02 to 
21.5 mg·J·1 probably due to methodical differences. As early 
as 1903, TRAPHAGEN and HuRKE reported 0.32 mg·kg-1 SA in 
fresh Concord grapes, Gu1MBERTEAU and PoRTAL ( 1961) and 
RIBEREAU-GAYON (1963) found maximal1.5 mg·I-1 SA in wines 
using paper chromatography. In more recent studies, meth-
ods based on gas or liquid chromatography have been pub-
lished (RoBERTSON 1983; BIANCo and MARUCCHI 1990; SHI 
and ScHWEDT 1995; JANSSEN et al. 1996). Despite the analyti-
cal advances, SA values reported for grapes and wines vary 
over a wide range and can differ nearly 100-fold (Tab. 1). 
HAEBERLE ( 1987) referring to the values reported by SwAIN 
et al. (1985), claimed that the higher specificity ofmodern 
methods like HPLC may ultimately result in smaller SA val-
ues. On the other band, JANSSEN et al. ( 1998) concluded that 
coelution during the HPLC analysis might have been re-
sponsible for these )arge differences. VENEMA et al. (1996), 
using fluorescence detection which is more sensitive and 
specific than UV N is-detection to determine SA in grape 
samples, detected only negligible amounts. The highest SA 
concentrations were found by M ULLER and FuGELSANG ( 1994) 
but they did not outline the analysis procedure. Testing 
some of the published HPLC methods indicated problems 
with coelution; thus we developed a new HPLC method to 
achieve higher resolution and to avoid coelution. This 
method was used to study the SA content in commercially 
available wines. 
Tab I e I 
Salicylic acid concentration ofberries and wines as determined 
by different analytical methods 
Product Salicylic acid References 
Berries 9.4mg·kg·1 HAEBERLE 1987 
Berries 0.04 mg·kg-1 RoBERTSON 1981 
Berries 0.04-0.08 mg·kg·1 ROBERTSON 1983 
Herries 1.6-18.6mg·kg-1 SwAIN et al. 1985 
Herries < 0.02 mg·kg-1 VENEMA et a/. 1996 
Wine 0.1-l.Omg·I-1 DRAWERT et a/. 1976 
Wine 11.0-21.5 mg·I-1 MULLER et a/. 1994 
Wine 0.26-0.68 mg·I-1 VENEMA et a/. 1996 
Another objectiv~ was to quantify SA in rrmst and wine 
from field experiments where SA had been used to induce 
systemic acquired resistance (SAR) against downy mildew 
as an alternative for the application of copper (W öHRLE 1997; 
KoRNJTZER 1998). SA has previously been shown to act as 
an e1icitor ofphenolics and hydrolytic enzymes involved in 
defense reactions of grapevines against fungus attack 
(RENAULT et a/. 1996; BusAM et al. 1997; KRAEVA et al. 1997); 
however it is still unknown whether or not exogenously ap-
plied SA will accumulate in must and/or wine. Despite the 
assumed beneficial health effects ofSA reported by MuLLER 
and FuGELSANG ( 1994 ), high rates of SA uptake in food may 
increase the risk ofhypersensitivity (HAEBERLE 1987). 
Material and Methods 
M u s t s a n d w i n e s : As commercial samples 
23 white wines from 6 grape-growing regions in Germany 
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were selected. In addition, 10 must and 6 wine samples origi-
nating from grapes of experiments performed in 1997 and 
1998 with different phytosanitary treatments were analyzed 
("experimental sample"). 
Grapes were grown in the Rheingau and Baden regions 
(Germany) to compare three systems ofplant protection man-
agement: (a) "organic" (according to the EC 2092/91 regula-
tion ofOrganicAgriculture in the European Community), (b) 
"organic with the substitution of copper by SA", and ( c) "in-
tegrated" ( using chemical fungicides) (W öHRLE 1997, 
KoRNITZER 1998). SA (99.82 %, Merck, Darmstadt, Germany) 
was applied in aqueous solution and was tested in 1997 on 
the cvs Riesling and Müller-Thurgau andin 1998 on Riesling 
and Pinot noir. Total amounts of SA applied in 1997 were 
2.76 kg·ha·1 for Riesling (8 treatments of0.18-0.36 kg·ha·1 
each) and 4.2 kg·ha· 1 for Müller-Thurgau (13 treatments of 
0.18-0.48 kg·ha· 1 each). In 1998, 2.86 kg·ha·1 were used for 
Riesling (8 treatments of0.18-0.48 kg·ha·1 each) and 4.2 kg·ha·1 
for Pinot noir (12 treatments of 0.18-0.48 kg·ha·1 each). In 
addition, wine samples originating from varietal trials with 
Cabemet Sauvignon, Domfelder, Dunkelfelder, Pinot noir, and 
Pinot noir pn!coce were analyzed at the Research Institute at 
Geisenheim. Must samples were stored at -20 oc until analy-
sis. Wine samples were stored at + 13 °C. 
C h e m i c a l s : Acetonitrile (gradient grade), hydro-
ch!oric acid, Extrelut 20®, polypropylene columns (50 ml) 
incl. filters and drain tubes, phosphoric acid, salicylic acid, 
and sodium chloride (Merck, Darmstadt, Germany). Chloro-
form, methanol, and potassium dihydrogenphosphate 
(Fluka, Buchs, Switzerland). 
S a m p I e p r e p a r a t i o n : Must and wine samples 
were prepared using a 50 ml polypropylene column equipped 
with filters and a drain tube. The column was filled with 
Extrelut 20® to remove sugars, amino and organic acids, 
and proteins which can interfere with the SA analysis when 
using a UVNIS-detector at a wavelength of235 nm (Fig. 3). 
For red wine or must, the Extrelut was first mixed with 5 g of 
sodium chloride. The Extrelut material was then rinsed with 
50 ml of acetonitrile pre-cleaning and a sub-sample of 20 ml 
ofwine or must was adjusted to pH 2.0 with conc. hydrochlo-
ric acid and given onto the dry Extrelut column. The volume 
did not exceed 22 ml; 15 min after adding the wine sample, 
SA was eluted with 50 ml of chloroform/methanol (90: 10, 
v:v). This solution was concentrated to dryness, the residue 
dissolved in 1 ml mobile phase (20-fold concentrated), and 
injected into the HPLC column. 
H P L C a n a l y s i s : A Merck L-6200 Intelligent 
Pump was connected to a Shimadzu SPD-lOAVvp UV/Vis-
Detector (wavelength: 235 nm), and a Waters 991 Photodiode 
Array Detector (190-600 nm Scan, 235 nm Baseline). A 
Merck LiChroCart® Superspher® 60 RP-select B column, 
250 x 4 mm, 5 !lffi particle size, was maintained at 50 oc 
with a Biorad Column Oven. Isocratic elutionwas performed 
with 0.025 M phosphoric buffer adjusted to pH 2.0 with phos-
phoric acid/acetonitrile (85: 15 , v:v) with a flow of 
1.0 ml·min·1• A Merck AS-2000A autosampler was used for 
the injection of I 0 !li samples. All wine samples were ex-
tracted and injected twice. 
Results and Discussion 
C h a r a c t e r i z a t i o n o f t h e m e t h o d : The 
modified HPLC method was calibrated by extemal stand-
ardization. Salutions of 0.1 , 0.2, 0.5, 1.0, 2.0, 5.0 and I 0.0 mg·J·1 
of SA were prepared and injected 4 times. The resulting 
calibration curve is shown in Fig. 1. The correlation coeffi-
cient between a known amount (AMT) ofSA and the result-
ing peak area at 23 5 nm was 0. 99. The Iimits of detection and 
quantification were determined according to Hewlett Packard 
( ANoNYMaus 1993). The Iimit of detection was 0.003 mg·J·1 
(threefold baseline noise), the Iimit of quantification was 
0 .01 mg·l-1 (10-fold baseline noise). In order to test the rate 
ofrecovery, we added SA solutions of0.07 and 0.15 mg·I-1, 
respectively, to a wine without a measurable SA concentra-
tion. Each solution was prepared 4 times and replicated in-
jections were performed on each sample. The recovery was 
92% ata Ievel of0.15 mg·I-1 (standard deviation 0.01 mg·I-1, 
relative variation coefficient 7.5 %). Fig. 2 shows a typical 
HPLC chromategram of a white wine spiked with 
0.15 mg·J·1 SA. 
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Fig. I: Calibration curve to determine salicylic acid (SA). Peak area 
[mAU·min· 1] at 235 nm and the amount (Amt) of SA added 
for calibration. 
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Fig. 2: HPLC/UV chromatogram (235 nm) of a white wine after 
addition of0.15 mg·J·1 salicylic acid. 
The SA peak was weil separated from the other peaks 
and no coelution was observed. In comparison to the method 
of VENEMA et a/. (1996), the use of Extrelut 20® Iead to 
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purged extracts. The diode array detector was used to verify 
the presence of SA and to prove the peak purity. The UV I 
Vis-spectrum of SA dissolved in the mobile phase at pH 2 
is shown in Fig. 3. 
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Fig. 3: UV!Vis-spectrum ofsalicylic acid (200-600 nm) dissolved 
in the mobile phase. 
Table 2 
Salicylic acid (mg·I·') in 23 commercial white wines 
analyzed by HPLC 
Variety Origin Vintage Salicylic 
year acid 
Müller-Thurgau Franken 1997 n.d. 
Pinot blanc Baden 1996 0.01 
Pinot blanc Baden 1996 0.01 
Pinot gris Baden 1996 0.1 
Riesling Baden 1996 0.05 
Riesling Baden 1996 0.01 
Riesling Franken 1997 0.02 
Riesling Mosel-Saar-Ruwer 1997 0.06 
Riesling Pfalz 1997 0.08 
Riesling Rheingau 1996 0.04 
Riesling Rheingau 1996 0.05 
Riesling Rheingau 1996 0.04 
Riesling Rheingau 1997 n.d. 
Riesling Rheingau 1997 0.07 
Riesling Rheingau 1997 0.11 
Riesling Rheingau 1997 0.03 
Riesling Rheingau 1997 n.d. 
Riesling Rheingau 1997 0.03 
Riesling Rheingau 1997 0.10 
Riesling Rheinhessen 1997 0.04 
Riesling Rheinhessen 1997 0.04 
Riesling Rheinhessen 1997 0.04 
Silvaner Franken 1997 0.02 
n.d. = not detectable 
W i n e a n a 1 y s e s : SA concentrations of 23 com-
mercial wines are shown in Tab. 2. Compared to the data 
published in literature, German wines contained very low con-
centrations of SA. White wines had a mean concentration of 
0.05 mg·I·1 (0.11 mg·I·1 max.). SA was not detected in three 
samples (detection Iimit 0.003 mg·J-1) . The high concentra-
tions reported by MuLLER et al. (1994), ranging from 11.0 
to 21.5 mg·I·1, were not confirmed. As already assumed by 
JANSSEN et al. (1997), these high values were probably due 
to artifacts by coelution during HPLC analysis. 
SA has recently received attention as a possible alter-
native for copper applied against downy mildew in organic 
viticulture (WöHRLE 1997; KoRNITZER 1998) based on its po-
tency to induce systemic acquired resistance "SAR" 
(RENAULT et al. 1996; BusAM et al. 1997). Treatments of grapes 
with or without SA had no influence on the SA content of 
the resulting must or wine (Tab. 3). 
In white wines the maximum SA concentration was 
0.04 mg·I·1 with a mean of0.01 mg·J·1. Only some red wines 
had higher natural SA concentrations (up to 0.43 mg·I-1, 
0.16 mg·I-1 mean), but none ofthese wines originated from 
experimental plots treated with SA. At the concentrations 
used in our experiments, no risk of hypersensitivity due to 
the consumption ofwines from SA-treated grapes is possi-
ble, as has been shown by HAEBERLE ( 1987) with humans at 
high intake rates of food containing SA. 
Because ofits antiinflammatory and vasorelaxing effects, 
SA has partially been made responsible for the health ef-
fects of moderate wine consumption (MuLLER and FuaEL-
SANG 1994). Meanwhile it is weil known, that the anti-
inflammatoric and antithrombotic effects in particular can be 
mainly explained by the acetylation ofSA (aspirin®). This 
esterification Ieads to acetylation of the cyclooxygenases 
(COX-1 and COX-2), a subsequent blockade ofthe synthe-
sis of inflammation mediators, a selective inhibition of 
thromboxane formation in lower doses, and a relative in-
crease of the production of prostacyclin (PGI-2) with 
antiadhesive and antiplatelet effects. Yet these effects can 
not be observed with SA alone (KALGUTKAR et al. 1998). 
Moreover, in agreement with VENEMA et al. ( 1996), we be-
lieve that the genuine SA content in wines is generally too 
low to produce measurable effects in vivo. This should al-
ways be kept in mind when discussing possible health ben-
efits of SA as weil as the fact that SA caused none of the 
effects reported for acetylsalicylic acid (KAL6UTKAR et al. 
1998). 
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